The effects of feeding a dry-rolled cornbased diet (DRCB) or a combination of a high-moisture corn-based diet (HMCB) with dry-rolled corn (DRC; 2:1 ratio of high-moisture corn [HMC] and DRC) with 25 and 45% wet distillers' grains with solubles (WDGS) on energy metabolism and nutrient and mineral balance were evaluated in 8 finishing steers using a replicated Latin square design. The model included the fixed effects of dietary treatment, the WDGS × diet type interaction, and period and the random effects of square and steer within square were also included. Treatments consisted of a DRCB with 25% WDGS, a DRCB with 45% WDGS, a combination of HMCB and DRC with 25% WDGS, and a combination of HMCB and DRC with 45% WDGS. Cattle consuming DRCB consumed a greater amount of DM (P < 0.01) and GE intake was also greater when feeding DRCB with 25% WDGS than when feeding DRCB with 45% WDGS (P < 0.01). As a proportion of GE intake, cattle consuming HMCB had a greater fecal energy loss (P = 0.01). Digestible energy loss as a proportion of GE intake was greater when cattle were fed DRCB than when cattle were fed HMCB (P = 0.01) and when WDGS was included at 45% of DM (P = 0.05). As a proportion of GE intake, cattle consuming DRCB and 25% WDGS respired a greater amount of methane (Mcal) than cattle consuming 45% WDGS. As a proportion of GE intake, ME was greater in DRCB than in HMCB (P = 0.01). Within HMCB, 45% WDGS had more megacalories of retained energy than 25% WDGS. Nitrogen excretion (g) was greater in the urine (P < 0.01) and feces (P < 0.05) when 45% WDGS was included. As a proportion of N intake, total N retained was greater when a greater amount of WDGS was included in the diet (P = 0.05). Digestibility was greater in DRCB than in HMCB (P = 0.02). Starch intake, excretion, and digestibility as a proportion of intake were greater in DRCB than in HMCB (P < 0.01) and when WDGS was included at 25% than when WDGS was included at 45% of the diet (P < 0.01). Intake of ether extract was greater in HMCB when 45% WDGS was included (P < 0.01), and fecal excretion was greater in diets including 25% WDGS than in diets including 45% WDGS (P = 0.02). Sulfur intake was greater as the inclusion of WDGS increased from 25 to 45% (P < 0.01). We interpret that if the basal concentrate portion of the diet is based on HMC, adding an increased amount of WDGS can improve retained energy, and within DRCB, more energy is retained as fat and carbohydrate when cattle were fed 25% WDGS.
ABSTRACT:
The effects of feeding a dry-rolled cornbased diet (DRCB) or a combination of a high-moisture corn-based diet (HMCB) with dry-rolled corn (DRC; 2:1 ratio of high-moisture corn [HMC] and DRC) with 25 and 45% wet distillers' grains with solubles (WDGS) on energy metabolism and nutrient and mineral balance were evaluated in 8 finishing steers using a replicated Latin square design. The model included the fixed effects of dietary treatment, the WDGS × diet type interaction, and period and the random effects of square and steer within square were also included. Treatments consisted of a DRCB with 25% WDGS, a DRCB with 45% WDGS, a combination of HMCB and DRC with 25% WDGS, and a combination of HMCB and DRC with 45% WDGS. Cattle consuming DRCB consumed a greater amount of DM (P < 0.01) and GE intake was also greater when feeding DRCB with 25% WDGS than when feeding DRCB with 45% WDGS (P < 0.01). As a proportion of GE intake, cattle consuming HMCB had a greater fecal energy loss (P = 0.01). Digestible energy loss as a proportion of GE intake was greater when cattle were fed DRCB than when cattle were fed HMCB (P = 0.01) and when WDGS was included at 45% of DM (P = 0.05). As a proportion of GE intake, cattle consuming DRCB and 25% WDGS respired a greater amount of methane (Mcal) than cattle consuming 45% WDGS. As a proportion of GE intake, ME was greater in DRCB than in HMCB (P = 0.01). Within HMCB, 45% WDGS had more megacalories of retained energy than 25% WDGS. Nitrogen excretion (g) was greater in the urine (P < 0.01) and feces (P < 0.05) when 45% WDGS was included. As a proportion of N intake, total N retained was greater when a greater amount of WDGS was included in the diet (P = 0.05). Digestibility was greater in DRCB than in HMCB (P = 0.02). Starch intake, excretion, and digestibility as a proportion of intake were greater in DRCB than in HMCB (P < 0.01) and when WDGS was included at 25% than when WDGS was included at 45% of the diet (P < 0.01). Intake of ether extract was greater in HMCB when 45% WDGS was included (P < 0.01), and fecal excretion was greater in diets including 25% WDGS than in diets including 45% WDGS (P = 0.02). Sulfur intake was greater as the inclusion of WDGS increased from 25 to 45% (P < 0.01). We interpret that if the basal concentrate portion of the diet is based on HMC, adding an increased amount of WDGS can improve retained energy, and within DRCB, more energy is retained as fat and carbohydrate when cattle were fed 25% WDGS.
INTRODUCTION
The use of coproducts has shifted cattle feeding in the northern Great Plains area from a predominantly cornbased diet to a diet with 20 to 50% distillers' grains. The effects of wet distillers' grains with solubles (WDGS) in diets with dry-rolled corn (DRC) or high-moisture corn (HMC) as the basal ingredients on cattle performance and carcass characteristics have been evaluated in numerous studies the past decade (Klopfenstein et al., 2008; Corrigan et al., 2009 ). However, data evaluating the effects of WDGS on nutrient, energy, and macromineral balance in HMC diets, which are common in the northern Great Plains and Upper Midwest, are lacking. Hales et al. (2012) reported the effects of feeding 0 or 30% WDGS with DRC or steam-flaked corn on nutrient and energy balance with a subsequent study on increasing levels of WDGS in steam-flaked corn-based diets (Hales et al., 2013) . However, there is a lack of data evaluating the effects of WDGS with differing basal ingredients such as HMC on energy, nutrient, and macromineral balance, which is commonly used in the northern Great Plains.
Coproducts that contain concentrated minerals compared with corn could cause shifts in macromineral disappearance. Phosphorus can have environmental implications as excess P is excreted in manure and P runoff can cause eutrophication in surface water. With increased use of ethanol coproducts, the S content and metabolism in feedlot diets has been a focus of recent research (Drewnoski et al., 2014 ), yet little research has focused on S disappearance.
Our hypothesis was that animal's would retain more energy when fed diets containing HMC with WDGS than when fed diets containing DRC with WDGS and that P and S intake and excretion would be increased as WDGS increased in the diet. Our objectives were to measure the effects of increasing the concentrations of WDGS in DRC-based diets (DRCB) and HMC-based diets (HMCB) on energy metabolism and nutrient and macromineral (P, S, and K) balance.
MATERIALS AND METHODS
All animal use protocols were approved by the U.S. Meat Animal Research Center Institutional Animal Care and Use Committee (IACUC; approval number 5438-41630-001-01). Meat Animal Research Center III composite breed made up of one-fourth Pinzgauer, one-fourth Red Poll, one-fourth Hereford, and one-fourth Angus. The experiment was conducted between February and mid April of 2012. During diet adaptation, cattle were housed in 4 partially covered concrete pens (2 steers/pen) open to the south. During collections, cattle were moved to a metabolism facility where they were housed in individual stalls (87 by 214 cm) equipped with automatic, individual water cups. Before the start of the experiment, cattle were adapted to close human contact in the barn for at least 4 wk. During this time, steers were trained to wear fecal bags and urine harnesses. After adaptation to the collection facility, the steers were stratified by BW and assigned to 1 of 2 Latin square replicates. Each of the 4 periods in the Latin square consisted of an initial 16-d diet adaptation and 5 d of fecal and urine collections, resulting in a total of 84 d for the experiment.
Cattle were fed once daily at 0730 h throughout the experiment and had ad libitum access to feed. Steers had access to fresh water at all times. During the collection periods, orts were weighed daily and a subsample was saved for later determination of DM content, GE, N, NDF, ADF, starch, ether extract (EE), P, K, and S. The dietary treatments (Table 1) consisted of a DRCB with 25% WDGS (DRCB-25), a DRCB with 45% WDGS (DRCB-45), a 2:1 combination of HMC and DRC with 25% WDGS (HMCB-25), and a 2:1 combination of HMC and DRC with 45% WDGS (HMCB-45). The HMC diets included DRC as this practice is common in the feedlot industry. We attempted to make the HMC and DRC diets with 25% WDGS isonitrogenous within WDGS inclusion concentration. Likewise, we tried to make the HMC and DRC diets with 45% WDGS isonitrogenous within WDGS inclusion concentrations but not isonitrogenous to the diets containing 25% WDGS. The dietary ingredients used had been analyzed for nutrient content ahead of time and the DRC used in the study was lower in CP than expected, and therefore, 0.40% urea was added to the DRCB-25 in an attempt to compensate for the decreased CP content of the DRC. Urea was not added to the other diets because the DRC content was much less than those of the DRCB-25 and the formulated CP concentrations were similar within WDGS inclusion levels. The roughage in the current diet was 8.43% and this is close to what is reported as the mean roughage inclusion for feedlot diet in the last consulting feedlot nutritionist survey . Diets, orts, urine, and feces were weighed daily. Orts, feces, and urine were collected after 24 h of measurement. Urine was collected into a polypropylene jug under vacuum where each jug contained 100 mL of 3.7 N HCl to prevent ammonia losses. Feces were collected in a canvas bag attached to a harness. Three percent aliquots of urine and feces were collected daily, thoroughly mixed, pooled within steer, and stored at -20ºC for later laboratory analyses.
The DRC used in the experiment was put through a roller mill that was 25.4 cm in diameter by 81.28 cm wide to reduce particle size. The HMC was preserved by harvesting corn at a moisture level of 28 to 33%. The corn was then transported to a concrete bunker and put through a tub grinder prior to being packed in the bunker. The ground corn was then packed with a tractor and dozer blade to eliminate oxygen from the pack. The bunker was then covered with plastic to create an anaerobic environment and to minimize spoilage. Wet distillers' grains with solubles were delivered weekly and stored on a concrete pad during the experiment (Abbengoa Bioenergy, York, NE), and changes in DM were monitored for each new load.
Treatment diets were mixed in 110-kg batches 3 times/wk in a small stationary mixer (H.C. Davis Sons Manufacturing Co., Inc., Bonner Springs, KS) and stored in feed carts. Ingredients were added to the mixer and each diet was allowed to mix for approximately 10 min. Cleanout of the mixer unit was performed to ensure that no cross-contamination of diets occurred.
Composited diet, orts, and fecal samples were dried for 48 h in a forced-air oven at 55ºC. Samples were then ground through a Wiley Mill (Arthur Thomas Co., Philadelphia, PA) to pass through a 1-mm screen. Gross energy was measured via bomb calorimetry for dried diets, orts, feces, and freeze-dried urine. Neutral detergent fiber content was measured on dried diets and fecal samples by placing the sample in an individual Ankom fiber bag (F57 Filter Bags; Ankom Technology, Macedon, NY) that was heat sealed. The NDF analysis was performed with an Ankom 200 Fiber Analyzer (Ankom Technology) following the procedures of Van Soest et al. (1991) . Heatstable α-amylase and sodium sulfite (1 g/100 mL of NDF solution) were added to the solution during the analysis. The bags containing the residual were then dried for 24 h at 100ºC in a forced-air oven for quantification of the NDF residue. Ether extract was quantified by refluxing ether over samples in Soxhlet tubes for 18 h. Nitrogen in the diet and feces was quantified at a commercial laboratory (Servi-Tech Labs, Hastings, NE) using the Kjeldahl method, minerals were determined using inductively coupled plasma mass spectrometry, and starch was determined using an enzymatic-colorimetric method.
Following each collection period, O 2, CO 2 , and CH 4 gases were measured by indirect calorimetry using 8 portable respiration head boxes for 6 h and the procedure has been previously reported by Hales et al. (2014) . At least 3 air turnovers were allowed before the gas measurements were determined. The animal's daily diet allotment was placed in each box before gas collections began, and the cattle consumed >75% of the feed offered. Gas exchange was determined by pulling air through the box across a temperature-compensated dry test meter to determine airflow leaving the box. Real-time air temperature and humidity were determined. Proportional samples of background air entering the box and air exhausted from the box were collected in polyethylene-aluminum-Mylar laminate gas bags to form a composite air sample for the collection period for each individual box. Gas samples were analyzed for O 2 , CO 2 , and CH 4 according to Nienaber and Maddy (1985) . Heat production (HP) was calculated using the Brouwer (1965) equation. Before gas measurements were collected, each head box was calibrated for O 2 consumed and CO 2 produced by burning absolute ethanol with alcohol lamps. Recoveries ranged from 98 to 101% in all head boxes.
Digestible energy was calculated as the quotient of GE intake minus fecal energy loss, whereas ME was calculated as DE minus the sum of urinary energy loss and gaseous energy. Retained energy (RE) was calculated as the quotient of ME minus HP. Energy retained as protein was calculated assuming a N content of 17% 1 DRCB-25 = a dry-rolled corn-based diet (DRCB) with 25% WDGS; DRCB-45 = a DRCB with 45% WDGS; HMCB-25 = a 2:1 combination of high-moisture corn (HMC) and dry-rolled corn (DRC) with 25% WDGS; HMCB-45 = a 2:1 combination of HMC and DRC with 45% WDGS. Diet samples were collected daily throughout the experiment and composited for the entire study. The HMC used in the current experiment was 9.5% CP, 1.9% ADF, 4.3% ether extract, 67.5% starch, 0.01% Ca, 0.31% P, 0.34% K, and 0.11% S. The DRC used in the current experiment was 9.5% CP, 2.7% ADF, 3.5% ether extract, 63.4% starch, 0.07% Ca, 0.34% P, 0.35% K, and 0.11% S.
2 The average DM content of WDGS (Abbengoa Bioenergy, York, NE) during the experiment was 35.86% and the WDGS was produced solely from corn grain and was 30.74% CP, 5.27% starch, 15.16% ADF, 26.57% NDF, 11.72% ether extract, 0.03% Ca, 1.02% P, 1.23% K, and 0.73% S.
3 Rumensin and Tylan (Elanco Animal Health, Greenfield, IN) and vitamins and minerals to meet or exceed NRC (2000) requirements were incorporated into a commercial supplement premix.
4 Samples were analyzed commercially by Servi-Tech Laboratories (Hastings, NE).
for meat protein and a caloric content of 5.7 Mcal/kg of protein (Kleiber, 1975 All data were analyzed as a Latin square design using the Mixed procedure of SAS (SAS Inst. Inc., Cary, NC). The model included fixed effects of period, type of the diet, WDGS inclusion, and the diet type × WDGS interaction. The model also included the random effects of square and steer within square. Because of numerous diet type × WDGS interactions, the interaction least squares means are presented in the tables. Effects were considered significant at P-value of ≤0.05, with tendencies declared at P-values between 0.05 and 0.10.
RESULTS AND DISCUSSION

Diet Composition
The diet composition and analyzed nutrient content (DM basis) are presented in Table 1 . The DM content of the diets ranged from 52.43 to 63.72% and the CP concentration ranged from 17.79 to 22.37% of DM. The DRCB-25 contained 33% more starch than the DRCB-45, and likewise, the HMCB-25 diet had 50% greater starch content than the HMCB-45 diet. The ADF concentration in the DRCB-45 was 22% greater than that in the DRCB-25, and the HMCB-45 diet was also 18% greater in ADF concentration than the HMCB-25 diet. On average, the diets containing 45% WDGS also contained 17% more NDF and 13% more EE than the diets containing 25% WDGS. The P increased by 3.5 and 10% in the DRCB and HMCB, respectively, when WDGS increased from 25 to 45% of DM. Furthermore, the S content increased by 16 and 10% in the DRCB and HMCB, respectively, when the WDGS increased from 25 to 45% of DM.
Energy Balance
Dry Matter and GE Intake. The partitioning of energy is presented in Table 2 . There was a diet type × WDGS interaction for DMI (P < 0.01). Cattle consuming DRCB consumed more DM when 25% WDGS was fed vs. when 45% WDGS was fed. Conversely, cattle fed the HMCB did not differ in DMI at 25 or 45% WDGS inclusion. A diet type × WDGS interaction was detected (P = 0.01) for GE intake, and GE intake was greater when feeding DRCB-25 with when feeding DRCB-45, yet no differences were detected for differing levels of WDGS with HMCB. Although DMI often differs in nutrient balance studies, generally cattle consume to a constant energy level, whereby GE intakes are not different (Hales et al., 2013 (Hales et al., , 2015 . That was not the case in the current experiment, and it is not known why cattle consuming the DRCB-25 consumed more DM than all other treatments.
Fecal Energy Loss. Fecal energy loss in megacalories was not different when cattle were fed DRCB or HMCB (P = 0.17), yet it was greater (P = 0.04) when WDGS was included at 25% of DM than WDGS was included at 45% of DM. The greater fecal energy loss (Mcal) for 25 vs. 45% WDGS inclusion is likely a result of the differences in DMI observed. As a proportion of GE intake, cattle consuming HMCB had a greater fecal energy loss (P = 0.01), and additionally, fecal energy loss tended to be greater when WDGS was included at 25% of DM than when WDGS was included at 45% of DM (P = 0.06). The difference in fecal energy loss as a proportion of GE intake for DRCB vs. HMCB is somewhat unexpected as energy content is usually greater in HMCB than DRCB based on animal performance (Owens et al., 1997) , and the differences in fecal energy loss for WDGS inclusion were also likely related to differences in DMI. Plausible reasons for differences in fecal energy loss for HMCB vs. DRCB are likely that the quality of the HMC used in the diets was of poor quality and low digestibility (discussed in a later section). The authors attribute this to a lack of grain processing before placing the HMC into the storage bunker.
Digestible Energy. The DE in the current study was determined to be 3.16, 3.31, 2.97, and 3.24 Mcal/kg for the DRCB-25, the DRCB-45, and the HMCB-25 and HMCB-45 diets, respectively. There was an interaction observed (P = 0.01) for megacalories of DE, where DE was greater when feeding HMCB-45 than when feeding HMCB-25, yet DE was greater when feeding 25% WDGS in DRCB than when feeding 45% in DRCB. Digestible energy as a proportion of GE intake was greater when cattle were fed DRCB than when cattle were fed HMCB (P = 0.01) and when WDGS was included at 45% of DM (P = 0.05). In a similar experiment, Hales et al. (2012) fed steers a DRC or steam-flaked corn-based diet with 0 or 30% WDGS. They noted that megacalories of DE tended to increase as WDGS increased in the diet, which was the case in the current experiment when HMC was the basal diet ingredient but not when DRC was the basal ingredient. Other researchers have reported that WDGS are used more efficiently in DRCB than steam-flaked corn diets Corrigan et al., 2009) . It is unclear in the current experiment why DE was greater with 45% WDGS when HMCB was the basal ingredient. Potentially, the rumen pH was less acidic when 45% WDGS was fed with HMCB than when 45% WDGS was fed with DRCB, as evidenced by the starch concentration (Table 1) .
Urinary Energy Loss. No differences in urinary energy loss (Mcal or as a % of GE intake) were observed for different diet types (P > 0.45). However, there was a tendency for megacalories of urinary energy loss (P = 0.08) and urinary energy loss as a proportion of GE intake (P = 0.08) to be greater for cattle consuming 45% WDGS diets than for cattle consuming 25% WDGS diets. The increased urinary energy loss is most likely associated with the increased urinary N excretion that occurs when feeding excess N (Cole, 1999; Archibeque et al., 2007; Vasconcelos et al., 2009) . Hales et al. (2012) reported that urinary N excretion was greater for cattle consuming diets with 30% WDGS than for cattle consuming diets with 0% WDGS, irrespective of the basal concentrate grain in the diet.
Methane Energy Loss. Energy lost as methane also resulted in a diet type× WDGS interaction (P = 0.01). Methane energy loss (megacalories) was greater in DRCB-25 than in DRCB-45; however, when feeding HMCB, no differences in methane energy loss were observed. Similarly, as a proportion of GE intake, cattle consuming DRCB-25 respired a greater amount of methane than cattle consuming DRCB-45. The increased methane with 25 and 45% WDGS inclusion in DRCB is partially related to intake, as cattle on DRCB-25 consumed 15% more DM than cattle receiving DRCB-45. The decreased methane loss when cattle consumed a 45% WDGS diet vs. when cattle consumed a 25% WDGS diet is thought to be related to the increased level of dietary fat associated with feeding 45% WDGS or could be associated with potential increased propionate in the rumen. The 45% WDGS diets contained 19% more fat than the 25% WDGS diets. Furthermore, others have reported that feeding supplemental fat can decrease enteric CH 4 production by 3.8 to 5.6% for each 1% of supplemental fat in the diet (Beauchemin et al., 2008) . The mode of action by which fat decreases methane is through biohydrogenation of unsaturated fatty acids, increased propionate production, and direct inhibition of protozoa.
Metabolizable Energy. The ME in the diets used in the study was determined to be 2.88, 2.99, 2.66, and 2.91 Mcal/kg for the DRCB-25, the DRCB-45, and the HMCB-25 and HMCB-45 diets, respectively. An interaction between diet type and WDGS inclusion was noted for megacalories of ME (P = 0.01). Metabolizable energy was not different for DRCB-25 vs. DRCB-45, and in HMCB, ME was not different at 25 vs. 45% WDGS inclusion. Furthermore, as a proportion of GE intake, ME was greater in DRCB than in HMCB (P = 0.01) and tended to be greater in diets containing 45% WDGS than in diets containing 25% WDGS (P = 0.08), which could be a result of the increased concentration of fat in 45 vs. 25% WDGS inclusion. Hales et al. (2012) reported no differences in ME as a proportion of GE intake when evalu- 1 DRCB-25 = a dry-rolled corn-based diet (DRCB) with 25% WDGS; DRCB-45 = a DRCB with 45% WDGS; HMCB-25 = a 2:1 combination of highmoisture corn (HMC) and dry-rolled corn (DRC) with 25% WDGS; HMCB-45 = a 2:1 combination of HMC and DRC with 45% WDGS.
2 Pooled SE of the least squares means (n = 8).
ating DRC or steam-flaked corn-based diets. However, when feeding steers a steam-flaked corn-based diet with 0, 15, 30, and 45% WDGS, Hales et al. (2013) observed a linear decrease in ME as WDGS increased in the diet. In the current experiment, a greater ME for DRCB was not expected, as Owens et al. (1997) reported that the BWadjusted ME content of HMC was 6.4% greater than that of DRC. Potential reasons for the observed decrease in ME with HMCB include lack of corn processing (whole vs. hammer-milled corn) before storage and an elevated DM at storage. The decreased dietary ME with HMCB also likely mirrors DM digestibility. The differing response of ME in the current experiment and that of Hales et al. (2013) is probably due to the type of grain processing used in conjunction with WDGS. In the case of Hales et al. (2013) , the steam-flaked corn would ferment rapidly in the rumen with a subsequent drop in rumen pH, which decreases the digestibility of the fibrous portion of WDGS. The ME:DE ratio was greater in DRCB than in HMCB (P = 0.05) but did not differ as WDGS inclusion changed (P = 0.98); nonetheless, the ME:DE ratio is greater than the 82 reported in the NRC (2000). The ME:DE ratio observed in the current experiment is greater than that reported by the NRC (2000). The ME:DE ratio currently noted ranged from 89 to 91%. This inconsistency could be a result of the elevated fat level (6 to 7% of DM) in the current diets that included WDGS. Improvements in cattle genetics may also account for differences in the ratio of ME to DE.
Heat Production. No differences in megacalories of HP were observed for diet type (P = 0.18) or WDGS inclusion level (P = 0.86). Additionally, HP as a proportion of GE intake was also not different for diet type (P = 0.93) or WDGS inclusion level (P = 0.89). Likewise, Hales et al. (2012) reported no differences in HP when cattle were fed finishing diets with either 0 or 30% WDGS. The absence in differences in HP is not surprising, as changes in HP are often most responsive to dramatic changes in digestibility, plane of nutrition, or a metabolic disorder.
Retained Energy. The RE of the diets used in the study was determined to be 1.15, 0.98, 0.77, and 2.96 Mcal/kg for the DRCB-25, the DRCB-45, and the HMCB-25 and HMCB-45 diets, respectively. The presence of an interaction for RE in megacalories (P = 0.01) and as a percent of GE intake (P = 0.04) indicated that within DRCB, there was no difference in RE for 25 or 45% WDGS, but within HMCB, 45% WDGS tended to have a greater RE than 25% WDGS. Likewise, as a proportion of GE intake, there was no difference in RE in DRCB with 25 or 45% WDGS, yet in HMCB, 45% WDGS had greater RE.
Nitrogen Balance
Nitrogen balance is presented in Table 3 . Intake of N was greater when cattle consumed WDGS at 45% than when cattle consumed WDGS at 25% (P < 0.01). Furthermore, N excretion was greater in urine (P < 0.01) when 45% WDGS was fed, but conversely, fecal N excretion was greater when 25% WDGS was included in the diet (P = 0.05). A tendency for greater total N excretion was also detected when cattle were fed 45% rather than 25% WDGS (P = 0.07). No differences in N intake or N excretion (urines, feces, or total) were detected for diet type (P > 0.36). Hales et al. (2012) reported that urinary N excretion was greater for cattle consuming diets with 30% WDGS than for cattle consuming diets with 0% WDGS. Additionally, total N excretion was also greater when cattle were fed 30% WDGS than when cattle were fed 0% WDGS (Hales et al., 2012) . Throughout the literature, studies have reported increases in urinary N as dietary N intake increased in both sheep and cattle (Cole, 1999; Archibeque et al., 2007; Vasconcelos et al., 2009) . Moreover, Vasconcelos et al. (2009) noted increased fecal N excretion as dietary N intake increased when cattle were fed diets containing 11.5, 13.0, and 14.5% CP in steam-flaked corn-based diets. As a proportion of total N excreted, urinary N was greater when cattle were fed 45% WDGS than when cattle were fed 25% WDGS (P < 0.01). Similarly, fecal N as a proportion of total N excreted was also greater when cattle were fed the lower level of WDGS (P < 0.01; 25 vs. 45%). No differences were observed in the amount of urinary N excretion as a proportion of N intake (P > 0.63). An interaction was observed for fecal N excretion as a proportion of N intake (P = 0.05). Fecal N excreted as a proportion of N intake was greater within HMCB when 25% WDGS was fed than when 25% WDGS was used in DRCB. An interaction was noted for apparent N digested, in grams per day and as a proportion of intake (P < 0.01 and P = 0.05, respectively). Apparent N digested (g/d and % of N intake) was greater when WDGS was included at 45% of the diet, irrespective of diet type, but the magnitude of difference was greater in HMCB than DRCB. Hales et al. (2012) reported, as a proportion of total N excretion, cattle consuming diets including 30% WDGS excreted a larger quantity of N in the urine than in the feces, whereas cattle consuming diets without WDGS excreted a lesser quantity of N in the urine than in the feces. Because of the rapid conversion of urinary N to ammonia in the feedlot , shifting N to the feces from the urine may reduce N volatilization.
Nitrogen Retained. Grams of N retained was not different for 25% WDGS in a DRCB; however, in a HMCB, cattle fed 45% WDGS retained a greater amount of N (g/d). Additionally, cattle consuming 45% WDGS retained a greater amount of N, as a percent of N intake (P = 0.05). No differences were detected in the amount of N retained as a proportion of the digested N (P > 0.16).
Energy Retained as Protein. A significant diet type × WDGS interaction was noted for calculated megacalories of RE as protein (P = 0.01; Table 4 ). The percentage of energy retained as protein was greater when WDGS was included at 45% of the diet than when WDGS was included at 25% of the diet (P < 0.01). Within DRCB diets, RE as protein was not different across WDGS inclusion levels, whereas within HMCB, RE as protein was 50% greater at 45% WDGS inclusion than at 25% WDGS inclusion. The trend was similar for RE as protein as a proportion of GE intake, where within DRCB, no differences were observed for 25 vs. 45% WDGS, but within HMCB, cattle retained a larger proportion of energy as protein when fed 45% WDGS vs. when fed 25% WDGS. The reason for the differences in RE as protein within HMCB is unclear. The lack of differences in RE as protein across different WDGS inclusion levels was expected, as the 25% WDGS should have provided a sufficient amount of protein for the ruminant animal. Table 4 . Influence of feeding dry-rolled corn-or high-moisture corn-based diets with 25 or 45% wet distillers' grains with solubles (WDGS) on the partitioning of protein, fat, and carbohydrate in finishing steers fed at ad libitum intake In previous research, British-influenced breeds retained 12 to 15% of their energy as protein (Garrett, 1977; Geay, 1984) , whereas Continental-influenced breeds retained 35 to 45% of their energy as protein (Geay, 1984) . The cattle used in the current experiment were a composite breed and primarily of Continental-influenced descent. It is unknown how genetic improvement may impact the amount of energy retained as protein in the current cattle industry, but certainly, great improvements in genetics have been made. There is no data currently available on how differing levels of WDGS in the diet affect energy retained as protein.
Energy Retained as Fat and Carbohydrate. There was a diet type × WDGS interaction for megacalories of calculated energy retained as fat and carbohydrate (P = 0.04). Evaluation of the simple-effect means indicated that within DRCB, more energy was retained as fat and carbohydrate when cattle were fed 25% WDGS than when cattle were fed 45% WDGS; however, within HMCB, no differences were observed for 25 or 45% WDGS inclusion. Within HMCB, the lack of difference in the amount of protein retained could be a result of the Maillard reaction in the HMCB, as evidenced by blackened corn kernels found in the HMCB. Once packed in the bunker, a heating of the reducing sugars could have occurred. This reaction would render the protein less available in the HMC, potentially meaning the cattle would retain less energy as protein. Moreover, as a proportion of GE intake, there were no differences in energy retained as fat and carbohydrate for diet type (P = 0.35) or WDGS inclusion level (P = 0.80).
Digestibility
Dry matter digestibility and nutrient digestibility are presented in Table 5 . Dry-rolled corn-based diets were more digestible than HMCB (P = 0.02), and there was a tendency for diets containing 45% WDGS to be more digestible than diets with 25% WDGS (P = 0.10). Potential reasons for the decreased DM digestibility with HMCB could be a lack of grain processing before storage and an elevated DM concentration at storage (HMC was put into the bunker at a DM content of 29 to 32%). Furthermore, the increased digestibility with 45 vs. 25% WDGS is most likely because of the elevated EE concentration of the WDGS combined with the fact that the EE digestibility was greater with 45% WDGS inclusion.
Neutral Detergent Fiber, Starch, and Ether Extract Digestibility
Neutral Detergent Fiber Digestibility. The intake of NDF was not different across treatments (P > 0.25). Nonetheless, an interaction was noted for fecal excretion of NDF (P = 0.03). Fecal excretion of NDF was greater for 25% WDGS than for 45% WDGS in DRCB, yet there was less NDF excretion in HMCB for 25% WDGS than for 45% WDGS. There were no differenc- Table 5 . Influence of feeding dry-rolled corn-or high-moisture corn-based diets with 25 or 45% wet distillers' grains with solubles (WDGS) on DM, NDF, starch, and ether extract (EE) digestibility in cattle fed at ad libitum intake es in the grams of NDF digested (P > 0.18) or the digestibility of NDF as a proportion of intake (P > 0.15). Hales et al. (2012) noted that NDF intake and apparent NDF digestibility was less when cattle consumed diets without WDGS. Others have reported no differences in NDF digestibility when feeding wet or dry distillers' grains in high-concentrate diets Depenbusch et al., 2009; May et al., 2010) . Conversely, Luebbe et al. (2010) reported increasing NDF digestibility with increasing WDGS concentration. Starch Digestibility. Starch intake was greater in cattle fed DRCB than in cattle fed HMCB (P < 0.01) and also greater for cattle fed 25% WDGS (P < 0.01). Fecal starch excretion was greater for cattle fed HMCB than for cattle fed DRCB (P < 0.01) and cattle fed 25% WDGS vs. cattle fed 45% WDGS (P < 0.01). It appears to be greater in HMCB than DRCB because of decreased starch digestibility, which was not expected. Cattle fed DRCB vs. HMCB digested more grams of starch (P < 0.01) and starch digestibility as a percent of intake was also greater (P < 0.01). Cattle consuming diets including 25% WDGS digested a greater amount of starch on a grams per day basis (P < 0.01) and as a percent of intake (P < 0.01). In agreement with previous research (May et al., 2009; Hales et al., 2012) , starch intake was greater for cattle consuming diets with 25% WDGS than for cattle consuming diets with 45% WDGS. These results were expected because the starch content of WDGS is much less than that of the corn it replaced in the diets. In the current experiment, there was likely a greater amount of starch availability when corn grain was processed by dry rolling than when it was preserved as HMC, thus increasing starch digestibility.
Ether Extract Digestibility. Ether extract intake was not different across diet type treatments (P = 0.31), yet EE intake was greater (P < 0.01) when cattle consumed 45% WDGS than when cattle consumed 25% WDGS. Additionally, fecal excretion of EE was greater for cattle fed 25% WDGS than for cattle fed 45% WDGS (P = 0.02). The greater EE excretion in the 25% WDGS diets was unexpected, as a linear increase in excretion has been previously reported as WDGS increased in the diet (Hales et al., 2013) . In the present experiment, EE digestibility was greater with 45% WDGS than with 25% WDGS (P < 0.01). Conversely, Hales et al. (2013) reported no difference in apparent digestibility of EE as a proportion of intake in cattle fed diets based on steamflaked corn with 0, 15, 30, and 45% WDGS.
Macromineral Balance
Phosphorus Balance. Phosphorus, S, and K balances are presented in Table 6 . There was a diet type × WDGS interaction noted for P intake (P < 0.01) and fecal excretion of P (P < 0.01). Phosphorus intake and excretion were greater for cattle consuming 25% WDGS in DRCB than for cattle consuming 45% WDGS, whereas in HMCB, P intake and excretion was Table 6 . Influence of feeding dry-rolled corn-or high-moisture corn-based diets with 25 or 45% wet distillers' grains with solubles (WDGS) on P, K, and S balance in cattle fed at ad libitum intake 1 DRCB-25 = a dry-rolled corn-based diet (DRCB) with 25% WDGS; DRCB-45 = a DRCB with 45% WDGS; HMCB-25 = a 2:1 combination of highmoisture corn (HMC) and dry-rolled corn (DRC) with 25% WDGS; HMCB-45 = a 2:1 combination of HMC and DRC with 45% WDGS.
greater with 45% WDGS. There were no differences observed in urinary excretion of P or P disappearance across diets (P > 0.51). Vasconcelos et al. (2009) reported that P intake and urinary and fecal P excretion increased as dietary CP increased from 11.5 to 14.5% in beef cattle finishing diets. Although differences in intakes and excretions were observed, no differences in P retention were reported (Vasconcelos et al., 2009) . Conversely, Cole (1999) fed sheep diets containing 10.0, 12.5, and 15.0% CP and reported an increase in P retention as CP increased in the diet. The disparity between the current results and those of Cole (1999) and Vasconcelos et al. (2009) may be that the current diets included WDGS, which contains approximately 3-fold greater CP and P than the corn grain it replaces in the diet. Generally, cattle consuming high-concentrate finishing diets excrete a substantial amount of P in the urine (Block et al., 2004) , especially when P is fed in excess of the maintenance and gain requirements (Challa et al., 1989) . Phosphorus requirements for maintenance are considered to be 16 mg of P/kg of BW. Retained P beyond the maintenance requirements were calculated as 3.9 g of P/100 g of protein gain. Cattle in the current experiment gained an average of 1.67 kg/d, and the calculated energy retained as protein was 33.2%. Therefore, an average of 544 g of protein was retained daily. Based on the P consumption (Table 6 ), the P requirement was met and exceeded. Potassium Balance. Similar to P, an interaction was observed for K intake (P < 0.01). Within DRCB, intake of K was greater when 25% WDGS was fed than when 45% WDGS was fed, but in HMCB, intake of K was greater when 45% WDGS was fed than when 25% WDGS was fed. There was a diet type × WDGS interaction for fecal excretion of K (P = 0.06) in that it was greater in DRCB when 25% WDGS was included and, conversely, in HMCB, it was greater when 45% WDGS was included. No differences in urinary excretion of K were observed (P > 0.47) even though the primary route of K excretion in cattle is the urine. Furthermore, there were no differences in the disappearance of K as a proportion of intake across diets (P > 0.42).
Sulfur Balance. The intake of S was greater with diets including 45% WDGS than with diets including 25% WDGS (P < 0.01), which was expected, as WDGS has a greater S concentration than the DRC or HMC it replaced in the diets. The elevated S content of these coproducts is thought to be a result of processing methods at the ethanol plants (Drewnoski et al., 2014) . In the current experiment, no impairments of animal health or animal performance were observed due to S. The S concentrations in our diets were between the 0.3% maximum tolerable value suggested in diets with greater than 85% concentrate and 0.5% in diets with greater than 40% forage (NRC, 2005) . Drewnoski et al. (2014) recommended a minimum of 7 to 8% NDF (from forage) be included in diets with greater than 0.4% S to minimize S-induced polioencephalomalacia. Our 45% WDGS diets were close to 0.4% S, and therefore, the elevated NDF concentration in these diets from the alfalfa hay likely mitigated any polioencephalomalacia problems that could have occurred. In addition, no differences in fecal or urinary excretion of S were observed across the diets (P > 0.21). In addition, S disappearance as a proportion of intake was not affected by dietary treatment (P > 0.39).
In conclusion, cattle consuming DRCB consumed more DM when 25% WDGS was fed than when 45% WDGS was fed. As a proportion of GE intake, cattle consuming HMCB compared with cattle consuming DRCB had a greater fecal energy loss, and additionally, fecal energy loss tended to increase more rapidly as WDGS increased in the diet. Similarly, as a proportion of GE intake, cattle consuming DRCB and 25% WDGS respired a greater amount of methane than cattle consuming DRCB with 45% WDGS. As a proportion of GE intake, ME was greater in DRCB than in HMCB. Within DRCB, there was no difference in RE for 25 or 45% WDGS, but within HMCB, 45% WDGS tended to have a greater RE than 25% WDGS. From our data, we interpret that if the basal concentrate portion of the diet is based on HMC, adding a greater amount WDGS can improve overall RE, and within DRCB, more energy is retained as fat and carbohydrate when cattle were fed a moderate level of WDGS than when cattle were fed a high level of WDGS. Additionally, based on the results of this experiment, greater N intake generally results in greater N excretion, and digestibility of DM is dependent on the basal diet type used and the amount of EE in the diet. Furthermore, S, P, and K intakes increase as WDGS inclusion increases in the diet and there are often interactions between diet type and WDGS inclusion.
